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An examination of varied lysis conditions upon the release of 
freely sedimenting ColEl-Ap molecules on neutral sucrose (CLOS) gradients 
revealed: (i) That 0.5 M NaCl used throughout the lysis procedure gave 
consistently better recovery than 1.0 M and 0.25 M NaCl; (ii) neither 
ribonucléase (RNase) nor pronase was markedly effective in releasing 
freely sedimenting ColEl-Ap plasmid DNA above control values after 
chloramphenicol amplification of plasmid copy number. Plasmid DNA ob¬ 
tained from exponentially grown cultures in the presence and absence of 
chloramphenicol (Cm), isolated in the presence and absence of RNase, re¬ 
vealed a single monomeric species (32S) of ColEl-Ap complexed with the 
rapidly sedimenting bacterial nucleoid (chromosome and membrane). Ex¬ 
periments designed to elucidate the intracellular localization of pulse- 
labeled ColEl-Ap after Cm exposure revealed a high level (42%) of mem¬ 
brane-bound plasmid DNA. Membrane-bound DNA was identified by cesium 
i i i 
chloride-sucrose double density equilibrium gradients. Further, RNase 
was found to release a significant fraction of pulsed plasmid DNA from 
the membrane-associated region of cesium chloride (CsCl)-sucrose gra¬ 
dients. At least two species of RNA are suggested to maintain the 
association of plasmid DNA to the chromosome-membrane complex: One 
species being rifampicin and RNase sensitive and stabilizing the high¬ 
ly looped chromosomal configuration; and another species, rifampicin 
sensitive, associating monomeric forms of the amplified ColEl-Ap to 
the folded bacterial nucleoid. 
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Bacterial plasmids are extrachromosomal elements that are stably 
inherited and presumed autonomously replicating deoxyribonucleic acid 
(DNA) molecules. Many bacterial plasmids confer upon their host the 
resistance to antibiotics and are therefore referred to as R-plasmids 
or R-factors. 
The maintenance of bacterial plasmid DNA has been the subject of 
extensive studies over the past decade. While many studies tend to in¬ 
dicate that chromosomal DNA replication in general may occur via a mem¬ 
brane vehicle, the evidence for plasmid replication or segregation via 
such a vehicle is indirect and inconclusive. However, a variety of 
plasmid DNAs have been found to co-sediment with their host bacterial 
chromosome in neutral sucrose gradients provided the highly-looped fold¬ 
ed configuration of the bacterial nucleoid (chromosome and membrane) 
was maintained. 
It has been demonstrated that the folded structure of the bacterial 
genome was stabilized by ribonucleic acid (RNA) and protein. Further, 
treatment of the folded chromosome with ribonucléase (RNase) resulted 
in an unfolded highly-viscous chromosomal structure. Hence, it has been 
postulated that R-factors interact directly with folded chromosomal DNA, 
without linear insertion at sites which involved RNA molecules. The 
observation that RNase treatment of the folded chromosomal complex 
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released many R-plasmids and sex factors (Fertility plasmids, F-factors) 
lend credence to the postulate that RNA was the "adhesive" molecule. 
It has been hypothesized that the degree of complexing of plasmid 
DNA with the host folded genome was directly related to the size of the 
plasmid and the type of DNA polymerase used to replicate the plasmid. 
For example, plasmids that were highly associated (80-90%) generally 
used DNA polymerase III while those weakly associated (about 10%) used 
DNA polymerase I. There are exceptions to this hypothesis. However, 
the number of plasmid copies generated per bacterial replicon (1-2 copies 
versus greater than 10) apparently did not play a crucial role in deter¬ 
mining the degree of plasmid complexing to the chromosomal structure in 
exponential cultures. 
It has been observed that in actively growing cultures of Escheri¬ 
chia col i harboring the R-factor, ColEl-Ampicillin (ColEl-Ap), up to 90% 
of the plasmid molecules were unassociated with the bacterial nucleoid. 
However, when actively growing cultures were exposed to chloramphenicol 
(Cm), up to 90% of the in vivo ColEl-Ap molecules became complexed with 
the bacterial nucleoid. In light of the complete reversal of the spatial 
distribution of ColEl-Ap after Cm addition to exponential cultures, re¬ 
search presented in this text was initiated. The specific aims of this 
study are to (i) investigate the association of ColEl-Ap monomeric species 
with the folded bacterial genome and (ii) the mechanisms and molecular 
species that contribute to the apparent complexing phenomena. 
CHAPTER II 
REVIEW OF LITERATURE 
The maintenance of plasmid DNA in bacterial cells has been exten¬ 
sively studied over the past decades. Jacob et al. (1963) postulated 
that the replicating chromosome of Escherichia coli is attached to a 
site on the cell membrane. The attachment is the event which controls 
initiation of DNA replication. Growth of the cell envelope between two 
such attachment sites provides the structural basis for chromosomal 
segregation in the bacterium. The hypothesis that bacterial plasmids 
attach to bacterial membranes during replication or segregation or both 
has not been tested definitively. 
Studies by Kline and Miller (1975) have shown that a variety of 
plasmid DNA in £. coli associated with its host bacterial chromosome, 
provided the chromosome was maintained in a highly-looped folded configu¬ 
ration, as described by Worcel and Burgi (1972). It has been demonstrated 
by Stonington and Pettijohn (1971) that the folded structure of the bac¬ 
terial genome is stabilized by RNA and protein. Further, treatment of 
the bacterial nucleoid (chromosome and membrane complex) with RNase re¬ 
sults in an unfolded chromosomal structure (Drlica and Worcel, 1975; 
Pettijohn and Hecht, 1973). Archibold et al. (1978) have isolated 80% 
of the R6K plasmid DNA co-sedimenting with the bacterial nucleoid under 
conditions for maximum preservation of the folded state. In addition, 
Taichman and Rownd (1977) have demonstrated association of NR1 plasmid 
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DNA to the folded chromosomal complex in Proteus mirabilis. Similarly, 
Kline et al. (1978) have indicated that 90-100% of F plasmid DNA in £. 
coli is associated with the folded bacterial nucleoid. On the other 
hand, Kline et al. (1976) provided evidence that in exponentially grow¬ 
ing cells of £. coli, the majority (90%) of non-replicating molecules 
of Col El plasmid DNA are found unassociated and only 10% are associated 
with the folded chromosome. 
The physiochemical structure of the chromosome, as proposed by 
Pettijohn and Hecht (1973), aided Kline and Miller (1975) in postulating 
that plasmids interact directly with folded chromosomal DNA. This in¬ 
teraction is without linear insertion occurs at sites which possibly in¬ 
volve RNA molecules. The only evidence presented for this postulation 
came from the observation that plasmid DNA co-sedimented with the 1800S 
folded chromosomal structure, presumably without associated membrane 
(Kline and Miller, 1975; Wlodarczyk and Kline, 1976). The evidence that 
membrane is involved in plasmid-chromosomal complexes in vivo is limited 
and often indirect (Korn and Thomas, 1971). However, Sheehy et al. (1978) 
have been able to release the plasmids, R6K and F, from chromosomal 
associations by treating the chromosome with RNase, 
The degree of association of plasmid DNA with the host folded 
chromosome may be related not only to the size of the plasmid but also 
to the kind of DNA polymerase used to replicate the plasmid. For ex¬ 
ample, Miller et al. (1978) indicated that ColEl (4.2 Mdal ) is 10% 
associated, and uses predominantly DNA polymerase I for its replication 
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(Kingsbury and Helinski, 1970). Conversely, R6K (26 Mdal) and F (60 
Mdal) are 80 to 90% associated and use DNA polymerase III, predominantly 
(Thompson and Broda, 1973). It appears, therefore, that many plasmids 
that associate with chromosomal complexes at high frequencies depend on 
DNA polymerase III and are frequently under stringent control of repli¬ 
cation (Miller et al., 1978). According to the recommendations of 
Novick et al. (1976), stringent plasmids replicate during the period 
of chromosomal replication and relaxed plasmids do not have an obligate 
coupling to chromosome replication. 
The rate of chromosomal DNA replication in bacteria is controlled 
by the frequency of initiation (Maaloe and Kjeldgaard, 1966) and the 
initiation process requires protein synthesis (Lark et al., 1963) and 
ribonucleic acid (RNA) (Messer, 1972). Protein synthesis may provide 
certain "initiator proteins" which interact at the origin of replication 
to start DNA synthesis (Lark, 1969). RNA synthesis may be required to 
provide messengers for the initiator proteins or as a primer for DNA 
synthesis (Blair et al., 1972; Brutlag et al., 1971). Studies on the 
replication of plasmid DNA in bacteria have shown that many requirements 
for replication are shared by the host chromosome and the plasmid (Arai 
and Clowes, 1975; Bazaral and Helinski, 1970). Womble and Rown (1979) 
have demonstrated increases in R-plasmid DNA (NR1) in E_. coli after in¬ 
hibition of protein and/or RNA synthesis. In an E. coli host, Clewell 
(1972) has illustrated that while the addition of chloramphenicol (Cm) 
to actively growing cells inhibited protein synthesis at the translational 
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level, the replication of ColEl DNA continued at a high rate (25-fold) 
and chromosomal synthesis was inhibited. Further, Blair et al. (1972) 
have proposed that covalently closed circular (CCC) forms of ColEl DNA 
accumulate ribonucleotides during incubation of E_. coli in Cm. These 
RNA molecules were proposed to serve as primers during initiation of 
ColEl replication. Blair et al. (1972) further indicated that RNA- 
primer-rich ColEl was sensitive to digestion by RNase and the sensitivity 
could be alleviated by treating cultures with rifampicin, an inhibitor 
of RNA synthesis (Sippel et al., 1968). Additionally, Blair et al. 
(1972) reported that the removal of RNA "primers" from circular ColEl 
DNA was inhibited in cells incubated in the presence of Cm. The obser¬ 
vation that ColEl DNA is amplifiable after Cm exposure offers a unique 
vehicle to evaluate the spatial distribution of this plasmid in IE. coli. 
CHAPTER III 
MATERIALS AND METHODS 
Media and Culture Conditions 
The synthetic medium used was a minimal salts solution (Curtiss, 
1965) supplemented with 0.5% Casamino acids, 0.5% glucose, 2 yg/ml thi¬ 
amine-hydrochloride, and ampicillin (40 pg/ml). Routinely, overnight 
static cultures in supplemented synthetic media were inoculated the 
next morning at 1/10 their volume into supplemented synthetic media and 
shaken on a water bath shaker (Lab-line) maintained at 37 C. After 30 
min equilibration, cultures were labeled during exponential growth 
either with 2 yCi/ml [14C]-dThd, [3H]-dThd, or 10 yCi/ml [*4C]-glycerol 
(Moravek Biochemicals, Cl, California). The former two radioactive 
labels were supplemented with adenosine (200 yg/ml, Sigma Chemical Co., 
St. Louis, M0) to aid the incorporation. Cell density was monitored 
spectrophotometrically at 620 nm using a Buchler Spectronic-20. Expo¬ 
nential cultures reached an optical density (O.D.) of 0.25 (2-3 x 10® 
cells/ml) in all experiments before further handling. 
Analysis of Plasmid DNA on "CLOS" Gradients 
When the appropriate cell density was reached, routinely exponen¬ 
tial cultures were immediately harvested by centrifugation (5 C) at 
10,000 rpm for 10 min, then resuspended at 0.1 the volume in cold buffer 
consisting of 0.02 M KCN, 1.0, 0.5 or 0.25 M NaCl, 0.01 M ethylenediamine- 
tetraacetic acid (EDTA), and 0.01 M Tris (hydroxymethyl) amino methane 
7 
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(Tris-HCl), made up in 5% sucrose at pH 8.0. A 0.4 ml portion of the 
concentrated cell suspension was mixed with 0.1 ml of lysozyme (5 mg/ml 
stock; Sigma Chemical Co.) freshly prepared in the EDTA-Tris buffer 
with the appropriate NaCl concentration but without sucrose. A 0.1- 
0.2 ml aliquot of this mixture was immediately layered onto a 4.5 ml 
10 to 30% neutral sucrose gradient maintained at 5 C. The body of the 
gradient contained 0.25 ml of a bottom shelf of saturated CsCl in 60% 
sucrose and a 0.2 ml top layer of 4% Brij-58 detergent made up in the 
EDTA-Tris buffer with the appropriate NaCl concentration with 5% sucrose. 
For the inclusion of ribonucléase (RNase; A grade-Calbiochem) or pronase 
(Calbiochem; predigested for 30 min at 37 C) on the gradients, a stock 
solution was made consisting of 5 mg/ml buffered in 7% sucrose with the 
EDTA-Tris buffer and the appropriate NaCl concentration. A 0.1 ml ali¬ 
quot of RNase or pronase as needed was layered on the gradients (500 yg 
final concentration) before the addition of the detergent layer. 
Presented in Fig. 1 is a diagram of the Cleared Lysate on Sucrose 
(CLOS) gradient. The body of the 10-30% neutral sucrose gradient con¬ 
tained NaCl at the appropriate molarity and the EDTA-Tris buffer. After 
layering of the cell suspension, the gradients were left undisturbed 
for 10 min at 5 C to allow for spheroplast formation in the top layer. 
Immediately thereafter, the gradients were centrifuged under conditions 
listed in the Figure legends in Beckman L5-50 or L5-65 ultracentrifuges. 
The gradients were collected on strips or in trays and handled as indi¬ 
cated by Sheehy et al. (1978). 
Figure 1. A profile showing the components of a 10-30% neutral 
sucrose (CLOS) gradient. 
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Chloramphenicol (Cm) Amplification and Pulse-labeling 
Exponential cultures were pre-labeled either with 2 yCi/ml [*4C]- 
dThd supplemented with 200 yg/ml of adenosine or with 10 yCi/ml of 
14 
[ C]-glycerol with the latter label used to pre-label membrane material 
When the O.D. reached 0.25, [^C]-dThd labeled cultures were washed in 
unlabeled supplemented synthetic media at room temperature and pelleted 
by centrifugation at 8,000 rpm for 10 min. The pellets were resuspended 
in an equal volume of prewarmed synthetic media containing 200 yg/ml Cm 
and aeration continued for 2 hr. The culture was pulse-labeled with 
3 
30 yCi/ml of [ H]-dThd plus adenosine for 1 min and appropriate aliquots 
were removed and poured over frozen crushed supplemented synthetic media 
containing 0.02 M KCN to rapidly inhibit metabolic activity. Cultures 
were harvested by centrifugation (10,000 rpm, 10 min, 5 C) and handled 
as indicated previously. In chase experiments, a 1,000-fold excess of 
unlabeled thymidine was added to the remaining culture volume (pulse) 
and aeration continued for 10 min before harvesting. Pulse-chase experi 
ments for [^C]-glycerol prelabeled cultures were identical to the above 
procedure except that the washing step was omitted. 
Cesium Chloride-Ethidium Bromide (CsCl-EtBr) Gradient Centrifugation 
For the identification of covalently closed circular (CCC) DNA, 
fractions from CLOS gradients were pooled, dialyzed with phosphate buf¬ 
fer (0.05 M sodium phosphate, 0.005 M EDTA - pH 7.4) and centrifuged in 
dye buoyant density gradients. The average density of the gradients 
was 1.54 g/cc with 200 yg/ml EtBr, final concentration. The CsCl-EtBr 
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gradients were spun to equilibrium in Beckman L5-65 ultracentrifuge 
using a Beckman Ti-50 rotor at 42,000 rpm for 36 hr at 20 C. Collection 
of gradients was as described by Sheehy and Novick (1975). 
Cesium Chloride-Sucrose Double Gradient Analysis 
Pooled samples from CLOS gradients were dialyzed for 45 min in a 
phosphate buffer (previously described) and each was mixed on a Vortex 
mixer for 1 min at the highest speed setting. Mixing times were divided 
into (2) 30 s intervals and samples were placed on ice for 5 min between 
intervals. 
The double linear gradients of CsCl and sucrose (10-20% w/w) were 
formed in 11.0 ml centrifuge tubes using a peristaltic pump (Orion In¬ 
struments, Inc.). The initial solutions were prepared as indicated by 
Sueoka and Hammers (1974). Solid CsCl (0.084 g/ml ) was added to 10% 
sucrose (w/w) prepared in a buffer containing 10 mM Tris, 20 mM EDTA, 
and 50 mM NaCl, pH 8.0 (TEN buffer). For the 20% solution, 0.84 g/ml 
of solid CsCl was added to 20% sucrose (w/w) prepared in TEN-buffer. 
The gradients contained a bottom shelf (0.5 ml) of saturated CsCl in 
60% sucrose. Samples (up to 0.5 ml) of cell suspensions were layered 
on top of the gradients and centrifuged in a SW41 Beckman rotor at 
36,000 rpm for 18 hr at 5 C. Collection of gradients was as described 
by Sheehy and Novick (1975) for CsCl-EtBr gradients. 
Determination of Sedimentation Coefficients 
The gradients (CLOS) were calibrated using [^CJ-dThd labeled T^ 
(1,025S) as a sedimentation marker. As our 10-30% neutral sucrose 
12 
gradients were nearly isokinetic, we were able to make use of the Burgi- 
Hershey equation (1963) to calculate approximate sedimenta¬ 
tion coefficients. 
Percentage Recovery of Plasmid DNA 
Recovery of counts added to CLOS gradients reported varied from 
90-100%. The percent recovery of plasmid DNA from CLOS gradients was 
determined from the ratio of total counts per minute recovered in the 
plasmid region to the total counts recovered from the gradient. The 
calculations of the percent recovery do not take into consideration the 
percent of plasmid molecules co-sedimenting with the folded chromosome. 
Therefore, the percent recovery reported here is only relative to the 
percentage of plasmid molecules recovered in the gradient. 
CHAPTER IV 
RESULTS 
Profiles of ColEl-Ap plasmid DNA prepared by the CLOS procedure 
(Fig. 2) were generated from exponential cultures of RS86 lysed in the 
absence of RNase, Fig. 2A, and in its presence, Fig. 2B. The presumed 
plasmid region (Fig. 2B; fractions 10-20) was unaffected by the enzyma¬ 
tic layer; however, the exposure of the chromosome, toward the bottom 
of the gradient, to RNase elicited unfolding and a subsequent decrease 
in sedimentation rate. The extent of unfolding was variable and depen¬ 
dent upon the conditions of lysis, such as the choice of detergent or 
temperature at which the gradients were spun. 
To substantiate that the material between fractions 10-20, Fig. 
2A, was plasmid DNA, a CsCl-EtBr dye buoyant density equilibrium gradi¬ 
ent was employed for the identification of CCC DNA. The material in 
the presumed plasmid region was pooled along with separate pooling of 
material in the chromosomal region and the results obtained after cen¬ 
trifugation are depicted in Fig. 3. Figure 3A is representative of the 
harvested plasmid and its molecular nature is confirmed by the high per¬ 
centage, 81%, of CCC, while only 19.0% of the molecules from the same 
region band as open circles or linear forms. Contrary to this finding, 
Fig. 3B illustrates that molecules harvested from the chromosomal region 
exist predominantly as open circles or linear forms of DNA, 92%. Only 
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Figure 2. Typical profiles of ColEl-Ap plasmid DNA prepared by 
CLOS procedure. An exponential culture was labeled with [3H]-dThd and 
lysed in the absence of RNase (A) and in the presence of RNase (B). 
Centrifugation was at 45,000 rpm for 2 hr at 5 C. (•———#) [3H]-dThd. 
Fraction Number 
Figure 3. Profiles of CsCl-EtBr dye buoyant density equilibrium 
gradients. (A) Profiles resulting from pooled plasmid region and (B) 
chromosomal region of Fig. 2A. Centrifugation was at 42,000 rpm for 
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8.0% of the molecules from that region band as CCC, suggesting that the 
majority of ColEl-Ap plasmid molecules derived from exponential cultures 
are freely sedimenting during centrifugation using the CLOS procedure. 
It has been demonstrated by several investigators (Clewell, 1972; 
Kline et al., 1976) that while the addition of Cm to actively growing 
cultures of £. coli harboring ColEl inhibited the reinitiation of chro¬ 
mosomal synthesis, the replication of ColEl-DNA continued at an ampli¬ 
fied rate. To examine the cellular activity in the presence of Cm, a 
culture of RS86 was grown exponentially to an O.D^g nm °f °-
25 as 
depicted in Fig. 4. The culture was equally divided with one receiving 
200 ug/ml Cm and the other remained untreated. It may be noted from 
Fig. 4 that complete cessation of growth occurred in the (+) Cm culture 
after 60 min, although the optical densities were monitored up to 150 
min after exposure to Cm. 
3 
An analysis of the uptake of [ H]-dThd under growth conditions 
depicted in Fig. 4 is illustrated in Fig. 5. The data indicate that a 
3 
90 min exposure to Cm was sufficient to inhibit [ H]-dThd uptake, when 
compared to a control culture. Presumably, after 90 min, further up¬ 
take of radioactive label was due to plasmid DNA amplification in the 
Cm treated culture. 
The effects of varied conditions of lysis on the release of free¬ 
ly sedimenting ColEl-Ap molecules on CLOS gradients have been analyzed. 
Table 1 summarizes the effects of varying the salt concentration and 
enzymatic layer on gradients which were centrifuged at 45,000 rpm for 
Figure 4. A growth curve for strain RS86 in the absence 











Figure 5. A graph of the uptake of [ H]-dThd in the absence 
—O) and presence (# #) of Cm. Labeling (10 yCi/ml) con¬ 









Table 1. Recovery from CLOS gradients of freely sedimenting ColEl-Ap 
under various conditions of lysis3. 







1 1.0 M - 2.5 8.5 
2 II RNase 2.7 9.0 
3 II Pronase 2.6 8.8 
4 0.5 M - 3.8 12.1 
5 II RNase 3.3 11.0 
6 II Pronase 3.4 11.6 
+Cm 
7 1.0 M _ 1.1 3.7 
8 II RNase 3.0 10.2 
9 II Pronase 1.4 4.7 
10 0.5 M - 1.0 3.5 
11 II RNase 1.9 6.3 
12 II Pronase 2.1 7.1 
13 0.25 M - 2.8 9.7 
14 II RNase 2.7 9.5 
15 II Pronase 2.1 7.3 
Exponential (Exp) and chloramphenicol (Cm) (4 hr) cultures were lysed 
using Brij-58 as the detergent. 
^Concentration of NaCl was used in all buffers and in the body of CLOS 
gradients. 
Calculated as the percent [3H]-dThd in plasmid DNA peak to chromosome 
peak. 
intermediate layers contained enzyme of 500 ug in a 0.1 ml volume. 
Estimated copy numbers based on the E_. coli chromosome of 2.5 Mdal and 
ColEl-Ap of 7.4 Mdal. 
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2 hr at 5 C. All gradients were performed on cultures having reached 
3 x 106 cells/ml. Although the higher salt concentration was expected 
to maintain the chromosome in a folded configuration, 0.5 M NaCl 
elicited more consistent results relative to the recovery of estimated 
plasmid copy numbers and was therefore, the recommended concentration 
for performing all CLOS gradients. Data from exponential cultures in¬ 
dicated that RNase and pronase had negligible effects on the release of 
freely sedimenting ColEl-Ap molecules when compared to the absence of 
an enzyme layer. Samples 7-15 were secured from cultures exposed to 
Cm after exponential growth to observe the release and recovery of plas¬ 
mid DNA after antibiotic-induced amplification. When the salt concen¬ 
tration was lowered to 0.25 M, chromosomal unfolding was observed even 
in the absence of intermediate enzyme layers. Recurrently, neither 
RNase nor pronase appreciably increased the release of freely sedimen¬ 
ting ColEl-Ap molecules at any salt concentration; however, 0.5 M NaCl 
allowed for more consistent plasmid recovery. 
Experiments were initiated to investigate the molecular configura¬ 
tion of ColEl-Ap molecules associated with the bacterial nucleoid, 
chromosome and/or membrane, under the following conditions: (i) During 
exponential growth (Fig. 6A); (ii) after amplification in Cm (Fig. 6B); 
and (iii) after amplification but with RNase on the gradient (Fig. 6C). 
Figure 6 represents CLOS profiles under centrifugation conditions for 
the isolation of bulk membrane-associated folded chromosomes. It was 
observed that the sedimentation of the bulk peak shifted from 3600S 
Figure 6. CLOS profiles under centrifugation conditions for the 
isolation of bulk membrane-associated folded chromosomes. Profiles 
were generated from cultures after exponential growth (A), after incuba¬ 
tion in Cm (B), and after Cm incubation but with RNase on the gradient 
(C). Centrifugation times and collection procedures were: (A) 16,000 
rpm-7 min-top collection; (B) 16,000 rpm-3 min-bottom collection; (C) 
16,000 rpm-50 min-bottom collection. (1025S) was used as a sedimen¬ 
tation marker. (#——#) [3H]-dThd. 
85.0% 070% 
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after exponential growth to 5125S after treatment with Cm, due to highly- 
looped chromosomal material and to 3075S in the presence of RNase, which 
has been demonstrated to disrupt RNA linkages and unfold the chromosome. 
In all cases more than 80% of the radioactive counts added sedimented 
in the membrane-associated folded chromosomal regions. Analysis of this 
type evoled questions concerning the molecular configuration of the co¬ 
sedimenting plasmids on each type of gradient. Consequently, the bulk 
peaks were pooled, dialyzed and analyzed on CsCl-EtBr gradients (data 
not shown) for purification of the circular molecules that co-sediment. 
The CCC molecules isolated were individually pooled and subjected to 
analysis on neutral sucrose. The three isolation conditions listed 
above (Fig. 6) all generated identical neutral sucrose profiles and a 
representative profile is seen in Fig. 7. The sedimentation coefficient, 
32S, was extrapolated from the known S-value of the plasmid, R6K (m.w. 
26 x 10 ), on similar gradients (Archibold, personal communication). The 
results indicated that the monomeric nature of ColEl-Ap associated with 
the bacterial nucleoid was maintained throughout the varied growth con¬ 
ditions. 
The sedimentation of material in sucrose gradients of approximate¬ 
ly 3200S is in the region of membrane-associated folded chromosomes 
(Ryder and Smith, 1974), This association includes plasmid molecules 
and the mode of association was analyzed by the method of Sueoka and 
Hammers 09741. This method was designed to separate membrane-bound 
DNA from non-associated chromosomal DNA on the basis of density. The 
Figure 7. A neutral sucrose gradient profile of ColEl-Ap plasmid 
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CsCl-sucrose double gradient was utilized for such analysis. In these 
gradients the membrane bands at about 1.26 g/cc, the free DNA bands at 
1.71 g/cc and the membrane-bound DNA bands at an intermediate density 
yJ 
of 1.35 g/cc. Exponential cultures of RS86 were prelabeled with 1 yCi/ml 
14 of [ C]-dThd, washed and resuspended in an equal volume of prewarmed 
supplemented synthetic media containing 200 yg/ml Cm for 2 hr. The cul- 
ture was pulsed for 1 min with 30 yCi/ml [ H]-dThd and rapidly poured 
over frozen crushed synthetic media containing KCN to stop metabolic 
activity. Figure 8A is a representative profile of a CLOS gradient 
where the bulk membrane-associated chromosome was isolated. Data re¬ 
vealed that a high percentage of the ColEl-Ap molecules (approximately 
55%) co-sedimented with the membrane-associated chromosome. Prelabeled 
and pulsed material from the middle of the gradient (Fig. 8A) was pooled 
and subjected to CsCl-sucrose double gradient analysis (Fig. 8B). Expo¬ 
sure to CsCl-sucrose analysis indicated that 91% of the pulsed molecules 
were unassociated with the membrane and band in the free DNA region on 
the gradient as shown in Fig. 8B. A duplicate culture was prepared and 
14 treated as for Fig. 8A, however 1Q.0 yCi/ml [ C]-glycerol was used to 
label membrane material. The CLOS profile generated is seen in Fig. 8C. 
Isolation of the membrane-associated peak (4-5000S) revealed a 73% co¬ 
sedimentation of the pulsed plasmid with the highly folded membrane- 
associated chromosome. When the bulk peak of this gradient was pooled 
and subjected to CsCl-sucrose analysis, the distribution of the pulsed 
plasmid occurred as illustrated in Fig. 8D. Forty-two percent (42%) 
Figure 8. CLOS gradient profiles and profiles of CsCl-sucrose 
double gradients. For CLOS profiles, (A and C), exponential cultures 
were prelabeled with [^C]-dThd and [^C]-glycerol, respectively. See 
the Methods section for centrifugation conditions for CsCl-sucrose 
double gradients (B and D). Conditions for pulse-labeling are stated 





























of the pulsed plasmid counts band in the membrane-DNA region, while only 
23% were isolated as free DNA. Unexpectedly, 35% of the plasmid counts 
were found in the free membrane region, possibly due to a departure 
from the linearity of the gradient. 
Further analysis of the association of ColEl-Ap to the chromosome 
and/or membrane was achieved from CLOS gradients in the presence and 
14 absence of RNase, where the membrane was prelabeled with [ C]-glycerol 
3 
and the plasmid pulsed with I H]-dThd (data not shown). Analysis by 
CsCl-sucrose of the material at the top of these gradients revealed the 
distributions illustrated in Fig, 9. Figure 9A represents a CsCl-sucrose 
profile taken from a CLOS gradient centrifuged in the absence of RNase 
and 71% of the pulse counts in ColEl-Ap appeared in the membrane-associat¬ 
ed region. When a similar CLOS gradient was centrifuged in the presence 
of RNase and the material at the top of the gradient was exposed to CsCl- 
sucrose analysis, Fig, 95, the percent of plasmid counts in the membrane- 
associated region decreased to 51% while an increase was noticed in the 
free DNA region represented as 33%, Table 2 sunmarizes the results 
from the gradients in Fig, 9. In the pulse samples there was an ob¬ 
served decrease in the percent of plasmid counts banding in the membrane- 
associated region from 71% to 52% when the material was treated with 
RNase. There was a concomitant increase in the pulse coynts found in 
the free DNA region from 14% without RNase, to 33%, in its presence. 
Note that the percent of counts in the free membrane region, as well as 
in the free prelabeled DNA region, remained constant. Similar analyses 
Figure 9. Profiles of CsCl-sucrose double gradients showing the 
association of ColEl-Ap with membrane-bound fractions. Profiles were 
generated without prior RNase exposure (A) and with prior RNase expo¬ 
sure (B). Conditions of pulse-labeling and centrifugation are presented 





















Table 2. Percentage distribution of counts on cesium chloride-sucrose 
double gradients with and without prior RNase treatment. 
Experiment RNase 
B1 
% Dist. 3H, ^C-ql.ycerol 
M2 T3 
Pulse (top) - 14,4 71,52 15,44 
Il II + 33,5 52,53 15,42 
Chase (top) - 16,1 76,58 17,41 
Il II + 23,3 46,53 31,44 
^Bottom of gradient - free DNA region. 
^Middle of gradient - DNA-membrane associated 
region. 
O 
Top of gradient - free membrane region. 
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were performed on the same cultures that were chased for 10 min with un¬ 
labeled thymidine. The results again indicate a reduction in the per¬ 
cent of plasmid counts in the membrane-associated region from 67% to 
46% after treatment with RNase. The percent of plasmid counts in the 
free DNA region increased from 16% to 23% with prior exposure to RNase. 
Though the release of plasmid counts from the membrane-associated region 
is not as marked for the chase when compared to the pulse, the change is 
substantial for experimental purposes. The distribution of the other 
counts, again, remained relatively stable. 
Duplicate CLOS gradients, as shown in Fig. 8A and C, were per¬ 
formed to obtain the profiles in Fig. 10A and B. Figure 10A depicts a 
CsCl-EtBr profile of a CLOS generated membrane-associated region where 
the culture was prelabeled with [14c]-dThd and the pulsed plasmid with 
O 
[ H]-dThd. Four percent (4.0%) of the molecules were isolated as CCC 
and 95% as open circular (0C) and linear forms. One percent (1.0%) of 
the plasmid molecules band in a highly dense region and are possibly 
highly dense replicating molecules similar to those defined by Helinski 
et al. (1974). Analysis by CsCl-EtBr (Fig. 10B) of the bulk region iso¬ 
lated from cultures where the membrane was prelabeled with [^C]-dThd 
indicated that 22% of the molecules existed as CCC while 64% band in the 
0C and linear region. The highly dense molecules were isolated again 
and represented 14% of the plasmid counts. 
Experiments were designed to determine if the RNA linkages in¬ 
volved in association of amplified ColEl-Ap DNA to the folded chromosomal 
Figure 10. Profiles of CsCl-EtBr dye buoyant density equilibrium 
gradients. Membrane-chromosomal complexes on CLOS gradients from expo¬ 
nential cultures incubated in Cm were pooled and subjected to dye CsCl 
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complex are the same or different from the ones that maintain the chro¬ 
mosome in a compact state. Further, it has been suggested (Blair et al. 
1972) that RNA primers normally released after completion of replication 
accumulate in Col El molecules after exposure to Cm. These RNA primers 
may be rifampicin and/or RNase sensitive. However, the use of Cm may 
select for abnormal ColEl-Ap replicating molecules and/or sites of 
replication. Exponential cultures of RS86 were treated with 200 ug/ml 
Cm for 2 hr and divided into two flasks. An untreated culture was pulse 
3 
labeled for 1 min with 30 pCi/ml I Hj-dThd and rapidly poured over 
frozen crushed supplemented synthetic media containing 20 mM KCN to stop 
metabolic activity. This culture was immediately harvested by centrifu¬ 
gation. A duplicate culture was exposed to rifampicin (500 yg/ml) for 
30 min, then pulse-labeled for 1 min and harvested as indicated above 
for the untreated culture. 
Data presented in Table 3 illustrate the percentage distribution 
3 
of I H]-dThd pulse-labeled material from CLOS gradients performed under 
conditions for the isolation of membrane-associated folded chromosomal 
complexes. From Table 3, it may be noted that the majority of the 
pulse counts from the control and rifampicin treated cultures sedimented 
in the membrane-folded chromosome region. However, pulse counts from 
the RNase-layered gradient were found in the majority at the top of the 
gradient. 
In order to establish the distribution of ColEl-Ap as CCC mole¬ 
cules under conditions listed in Table 3, pulse-labeled material from 
Table 3. 
3 
Percentage distribution of [ H]-dThd pulsed material 
isolated from cultures exposed to rifampicin*. 
Sample Treatment B3 M* T5 
1 - 17.3 59.8 22.9 
2 Rif 29.4 47.6 23.0 
3 Rif, RNase2 36.8 3.0 60.2 
CLOS gradients were spun at 16,000 rpm for 3 min, 14 min and 25 min at 5 C 
for sample 1, 2, and 3, respectively, 
o 
RNase (500 ug) in a 0.1 ml volume was layered on the gradient. 
Bottom of the gradient. 
^Membrane-folded chromosome region. 
5Top of the gradient. 
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the middle and top of the gradients was pooled separately and centrifuged 
to equilibrium in dye-CsCl gradients. The results listed in Table 4 in¬ 
dicate that rifampicin exposure during growth lowered the percentage 
of CCC molecules that were complexed with the membrane and/or chromosome 
over 100%, when compared to control and RNase-layered gradients. How¬ 
ever, a greater yield (60% increase ) of CCC ColEl-Ap molecules were 
generated from the top of the gradients from rifampicin exposed cultures. 
The low yield of CCC molecules (1.0%) from rifampicin-exposed RNase- 
layered gradients was attributed to nicking of plasmid DNA. 
34 
Table 4. Percentage distribution of covalently closed circular 
ColEl-Ap after Rifampicin and RNase exposures. 
Sample1,2 
l Distribution3 
CCC 0C + Lin 
1 1.6 98.4 
2 0.7 99.3 
3 1.8 98.2 
4 5.3 94.7 
5 8.9 91.1 
6 1.1 98.9 
■^Samples 1, 2 and 3 were pooled from the membrane-folded chromosome 
regions of gradients 1, 2, and 3, respectively, listed in Table 3. 
p 
‘■Samples 4, 5, and 6 were pooled from the top regions of gradients 
4, 5, and 6, respectively, listed in Table 3. 
•^Calculated by summing the counts in the satellite peak and open circu¬ 
lar-linear region and dividing into the counts in the satellite peak. 
CHAPTER V 
DISCUSSION 
Evidence presented by Sheehy et al, 0977) has indicated that the 
amount of monomeric species of R6K plasmid DNA found not to co-sediment 
with the folded chromosomal complex on CLOS gradients depended upon the 
conditions of lysis, i,e,, choice of detergent, use of an enzyme layer. 
Further, Drlica and Worcel 0975) have shown that the stability of 
folded chromosomes decreased with a decrease in the ionic strength in 
terms of Na concentration, If the folded configuration of the bacterial 
chromosomal complex was the only restraining factor in the release of 
monomeric species of ColEl-Ap, then disrupting the folded state of the 
chromosome would release this form, i,e,, low salt, RNase and pronase. 
The two enzyme treatments were necessary because, Stonington and 
Pettijohn 0971) have shown that both RNA and protein are involved in 
maintaining the folded chromosome in the compact state. 
In light of the above mentioned findings, it was of interest to 
examine the recovery of freely sedimenting ColEl-Ap under varied condi¬ 
tions of lysis (Table 1), During exponential growth, it was found that 
lowering the Na+ concentration (1.0 M to 0,5 M) gave consistently better 
recovery of plasmid DNA, though the increase was not appreciable. It 
was noteworthy that neither RNase nor prcnase significantly enhanced 
recovery of freely sedimenting forms of ColEl-Ap. Further, increased 
35 
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recoveries of freely sedimenting forms of ColEl-Ap from amplified cul¬ 
tures were not secured by either enzymatic treatment (Table 1) signifi¬ 
cantly above those of the untreated samples. It has been postulated 
that amplification of ColEl-Ap by Cm may selectively produce molecules 
different in molecular configuration than those generated in exponential 
growth (Helinski et al., 1974). Further, Kline et al. (1976) have in¬ 
dicated that in exponentially growing cells the majority of monomeric 
molecules of ColEl-Ap (90%) are found free and only 10% are associated 
with the folded chromosome. These percentages are reversed in the pre¬ 
sence of Cm. The data presented in this text (Fig. 7) indicated that 
a singular monomeric species of ColEl-Ap C32S) molecules was associated 
with the bacterial nucleoid when isolated under conditions proposed by 
Ryder and Smith (1974). These results indicated that the monomeric 
nature of ColEl-Ap associated with the membrane-folded chromosomal 
complex during exponential growth was maintained after exposure to Cm 
and after isolation in the presence of RNase. 
DNA replication in bacteria is proposed to require attachment to 
the bacterial membrane (Jacob et al,, 1963), Evidence for a DNA-sensi- 
tive complex has been presented for bacterial chromosomal DNA and for 
plasmid DNA (Falkow et al,, 1971). However, attachment per se has been 
easier to demonstrate than attachment for the purpose of replication. 
Experiments were designed to elucidate the intracellular localization 
of pulse-labeled ColEl-Ap after Cm exposure (Fig, 8). The data re¬ 
vealed a high level (42%) of membrane-bound pulse-labeled plasmid DNA 
37 
14 from cultures prelabeled with [ C]-glycerol (Fig, 8D), It has been 
observed that exponential cultures growing in glycerol increased in 
turbidity faster than duplicate cultures growing in the presence of 
deoxythymidine. Since glycerol was still present in the culture during 
Cm exposure, the writer suggests that an increase in initiation tem¬ 
plates, i.e., membrane sites, may account for the higher level of mem¬ 
brane-associated pulse material. Based on the size of ColEl-Ap (m.w. 
7.4 x 106), it is estimated that approximately 15 s would be sufficient 
for complete polymerization, when compared to the size of the E_. coli 
q 
chromosome (m.w. 2.5 x 10 ). Therefore, a 1 min pulse time was a suf¬ 
ficient interval to isolate an abundance of replicating molecules. 
It has been previously stated that growth in the presence of Cm 
may select for abnormal sites or templates for ColEl-Ap replication. 
Slowly-sedimenting material from CLOS gradients performed under condi¬ 
tions for isolating bulk membrane-associated chromosomal DNA often has 
shown enrichment for pulsed-ColEl-Ap DNA, This slowly-sedimenting 
material may also contain chromosomal and membrane fragments. Data re- 
yealed that the majority of the pulse material (71%) (Fig, 9A) bands 
as membrane-associated DNA, although chromosomal fragments are not ruled 
out from this region. Analysis further reyealed that the pulsed material 
was released to a substantial degree from its association via RNase 
(Fig. 9B), Tentatively, it may be postulated that RNA does play a role 
in the maintenance of ColEl-Ap after amplification in the presence of 
Cm. Additional evidence to support the postulate that glycerol-grown 
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Cm-exposed cultures have increased maintenance templates for ColEl-Ap 
is provided from data in Fig, 10. Membrane-associated regions from 
CLOS gradients were analyzed for enrichment of CCC pulsed-labeled 
material. An increase was observed from 4-22% of CCC molecules generat¬ 
ed from deoxythymidine and glycerol grown cultures, respectively. 
Studies by Womble and Rownd (.1979) on the effects of inhibition 
of RNA synthesis by rifampicin on the replication of the plasmid NR1, 
in £. coli have revealed a 20% increase in R plasmid DNA recoverable in 
the CCC form. Experiments were designed to determine if the RNA linkages 
involved in association of amplified ColEl-Ap DNA to the folded chromo¬ 
somal complex were the same or different from the ones that maintain 
the chromosome in a compact state (Stonington and Pettijohn, 1971). 
Further, Helinski et al. Cl974) have suggested that RNA primers normally 
released after completion of replication accumulate in Col El molecules 
after exposure to Cm. These RNA primers may be rifampicin and/or RNase 
sensitive. Results presented in Table 3 illustrated that the majority 
of pulse counts (47%) from rifampicin treated cultures sedimented in 
the membrane-folded chromosomal region of CLOS gradients. However, 
pulse counts from the RNase layered gradients were found in a majority 
(60%) at the top of the gradient. Subsequent experiments (Table 4) in¬ 
dicated that while rifampicin exposure after Cm incubation lowers the 
percentage of CCC molecules that are complexed to the membrane and/or 
chromosome, a greater yield of CCC ColEl-Ap molecules (6Q% increase) 
were apparently released. Further, the low yield of CCC molecules (1,1%) 
39 
(Table 4} from rifampicin-exposed-RNase-layered gradients was attributed 
to the conversion of CCC molecules to OC and linear forms, 
A priori, the data appeared to indicate that: Ci) rifampicin, an 
inhibitor of the initiation of RNA synthesis, destabilizes the plasmid- 
chromosomal complex but maintains the integrity of CCC ColEl-Ap DNA 
after amplification; Cii) the amplified Col El-Ap molecules are sensitive 
to digestion by RNase possibly due to the accumulation of RNA primers; 
Ciil) and that at least two species of RNA are inyolved in the plasmid- 
chromosome complex - one species stabilizing the highly-looped configura¬ 
tion CRNase and rifampicin sensitive) and another species (rifampicin 
sensitive) associating monomeric forms of the amplified ColEl-Ap to the 
folded bacterial nucleoid. 
CHAPTER VI 
SUMMARY 
The hypothesis that bacterial plasmid DNA attaches to its host 
chromosome and/or membrane under conditions of Cm-induced plasmid ampli¬ 
fication has been tested definitively. Observations revealed the 
following: 
1. That Q.5 M NaCl used throughout the CLOS gradient procedures 
was the most effective concentration for the recovery of free¬ 
ly sedimenting forms of ColEl-Ap, 
2. Neither RNase nor pronase was markedly effective, compared to 
controls, in increasing the recovery of freely sedimenting 
ColEl-Ap DNA. 
3. A single monomeric species of ColEl-Ap was found complexed 
with the rapidly-sedimenting bacterial nucleoid under varied 
growth and lysis conditions. 
4. Intracellular localization of pulse-labeled ColEl-Ap after 
Cm amplification revealed a high level of membrane-bound 
plasmid DNA. 
5. RNase was found to release a significant fraction of pulsed 
plasmid DNA from the membrane-associated region on a CsCl- 
sucrose gradient. 
6. Two species of RNA are suggested to maintain the association 
40 
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of plasmid DNA to the folded bacterial nucleoid; one species, 
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